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Summary. Id genes encode helix-loop-helix proteins 
that function to mediate processes important for normal 
development including cellular differentiation. 
proliferation and apoptosis. Id proteins act as negative 
regulators of other transcription factors, which are 
essential for cell determination and differentiation in 
diverse cell types, and interact with proteins important 
for cell cycle regulation. Studies of Id gene expression in 
the nervous system and in neural cells in culture indicate 
that Id proteins contribute to the regulation of 
mammalian nervous system development. Also, 
recognition of a wide variety of proteins with which Id 
transcription factors are capable of interacting suggests 
that it  will be possible to understand more precisely their 
specific functions and importantly how these are 
integrated. 
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Introduction 
The complexity of the central nervous system (CNS) 
presents major challenges for understanding how its 
functional components are formed and organized. Recent 
studies have been especially fruitful for the identification 
of molecules that mediate cell differentiation. One of the 
best examples is the identification of basic helix-loop- 
helix (bHLH) transcription factors.  Basic HLH 
transcription factors play an important role in the 
regulation of cell determination and differentiation in 
many cell lineages (for review see Campos-Ortega, 
1993; Jan and Jan, 1993; Weintraub, 1993; Lee, 1997). 
Basic HLH factors have been designated as Class I and 
Class I1  proteins based upon their being ubiquitously 
expressed in many different cell types (Class I) or being 
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specifically expressed in cells of a single or a few 
lineages (Class 11). Recently, a number of genes 
encoding bHLH factors have been cloned and shown to 
convert cells destined to non-neural fates to a neural fate 
(for review see Lee, 1997). 
During the last decade, Id proteins, a group of helix- 
loop-helix (HLH) transcription factors that differ from 
bHLH proteins in lacking the basic amino acid domain 
necessary for DNA binding, have also been identified 
(Benezra et al., 1990; for review see Norton et al., 1998). 
A distinctive structural feature of Id proteins, the HLH 
region, allows them to inhibit the functional activity of 
bHLH proteins following heterodimerization with a 
bHLH partner. As Id proteins do not bind to DNA, they 
function primarily as dominant-negative regulators of 
bHLH proteins through the formation of nonfunctional 
Id-bHLH heterodimers. Data identifying a functional 
activity of the N-terminal region of Id proteins suggests 
that Id proteins may also function through mechanisms 
other than the direct interaction with bHLH proteins 
(Florio et al., 1998). Id genes seem to have a role in 
cellular events important for normal development and 
are expressed during nervous system development. 
Understanding the biological activity and function of Id 
genes in the nervous system may provide important 
insights into the processes by which the nervous system 
develops. 
Brief history of discovery of Id genes 
In 1990, work in the laboratory of Harold Weintraub 
identified a novel murine gene which encoded a protein 
that later would be the mammalian prototype of a 
subfamily of HLH transcription factors (Benezra et al., 
1990). This subfamily is characterized by the lack of 
basic amino acids located N-terminal to the HLH motif 
which are found in other members of the HLH 
transcription factor class (see below). Both the gene and 
protein were named Id for its functional activity as an 
inhibitor of DNA binding and an inhibitor of 
differentiation. Id was found to be structurally similar to 
the product of extrurnacrochaetac, a Drosophilu 
rnelunogaster gene that mediates sensory organ 















